THE introduction of the casting process for dental plates, and the enthusiastic assurances of the makers of casting machines for that purpose, caused us some time ago to ask the question, " Is a cast plate really better than a swaged plate, and what resistance will cast and swaged plates show respectively when subjected to equal stresses ? " Thanks to the generosity of this Section, it was possible to make a small research on this question with the remains of a grant made for a research on the strength of diatoric teeth. After the plates had been selected and prepared-namely, the rolled, the soldered, and the cast plate-we started work on devising and carrying out tests on these several plates with the object of having the two points of view of the dentist and the metallurgist properly represented.
(1) To compare their limits of elasticity.
(2) To discover their comparative resistance to alternating shocks.
(3) To compare their internal structures under the microscope.
It was felt that it would be well to devise a test that would show the comparative behaviour of the plates under some kind of static stress, and also to find out how they stood one of the types of alternating stress test now so much used in connexion with researches on materials intended to occupy important positions in moving structures. The behaviour under bending moments was the static test chosen, owing to the small amount of each material available, and also because it seemed to bear some near relation to the kind of property brought into play when the plates are in actual use.
THE TEST FOR ELASTICITY.
This test was carried out by fixing one end of the plate firmly to a bench, leaving 5 cm. projecting in each case, and then attaching weights in equal increments to the other end and noting the deflection of a recording pointer. This is a simple device which was considered suitable for obtaining preliminary results, and these results, when obtained and plotted, proved to be quite of sufficient importance to be laid before the members. Strictly, the stress should be applied so that the bending moment increases in direct proportion to the weight added, and this is not exactly the case with this simple arrangement, but as the only idea was first to get comparative results these are not vitiated, and the only warning that need be given is that members famuiliar with stress-strain diagrams should not be anxious about the shape of the higher parts of the curves. These parts, owing to the excessive bending of the test piece, are not accurate, as there the ounces in the scale-pan mean much smaller bending moments than in the lower parts of the curves. There is, hoWever, no abrupt change from this cause in the important parts of the curves.
In the ordinary stress-strain diagram of a tensile test of a steel there is first the region of proportionality, where equal increments of stress, or force applied, give equal increments of strain or effect produced, and the mathematicians tell us that therefore during the whole of this period the metal has been acting as a perfectly elastic body. Whilst this condition exists the stress-strain diagram is a straight line with a greater or less slope as the strain is greater or less in proportion to the stress applied. It will be noted how perfectly the rolled 18-ct. gold plate fulfils this condition up to a load of 43 oz. Allowing* for a possible small error, the soldered plate seemns to be elastic up to a load of 32 oz., whilst the " elastic limit," as this point is called, is reached for the cast plate at 14 oz. Not only so, but the deformation produced by a given stress, even within the elastic range, is least for the rolled gold, almost the same for the soldered, and very much greater for the cast plate. After the elastic limit is passed there is generally a short range where the strain is slightly more than proportional to the stress and the line becomes slightly curved. Then a point is reached at which the next equal increment of stress produces a sudden increase in the corresponding increment of strain, and this is known as the yield point. The rolled plate shows this very clearly, the soldered one quite distinctly, but the cast plate seems to be giving all the time .after its elastic limit is passed. For reasons already given, the portions of the curves beyond the yield points should be ignored, although they are recorded to show the actual results obtained by the rough method employed. When the yield point is passed, however, the metal has broken down so far as use is concerned, and really after the elastic limit, any further stress produces at least a slight permanent set or deformation, so that the curves are good within the limits that it is worth while to consider for present purposes, as the perfection of the straight line within the elastic limit of the rolled-gold plate fairly well demonstrates.
THE DYNAMIC TEST.
The dynamic test chosen was Dr. Arnold's alternating stress test. This test consists of knocking the test piece backwards and forwards a given distance on each side of the vertical and at a known rate in a machine specially designed for the purpose. Here, again, the test pieces ought to be prepared with great care, and the plates were prepared to give preliminary indications, but these results also seemed of sufficient importance to record until further, and perhaps more accurate ones, were obtained. The plates were divided longitudinally into two each, making six in all, and were then successively clamped in the alternating stress testing machine. Each strip projected 11 in. from the top of the die in which they were clamped, to the striking point, and were bent 2 in. on each side of the centre line at each shock ( fig. 2 ). This test is analogous to what an artificial palate undergoes in the mouth when sunken alveoli have brought about a rearrangement of the stresses (fig. 3 ).
The first strip of rolled gold took rather more than 2,450 shocks and the second 5,090 before they broke. The first strip of the soldered plate took 6,860 shocks and the second 10,190 before they broke. The first of the cast strips broke after 782 shocks and the second after 120.
In showing this brief and feeble resistance to alternating shocks, cast gold is only behaving in the way that one would expect such a cast metal to do, and the result occasioned no surprise. The results show clearly the inferiority of the cast gold plate with regard to this test; but it must always be remembered that the translation of the results of tests into probable behaviour under certain conditions of actual use is an ever-present difficulty in the practice of metallurgy, which demands for its successful application to the satisfying of the world's needs the exercise of the highest skill born of study and experience. The results as between the rolled and soldered plates nmight be misleading, as the microscope reveals the fact that the plates soldered together are not in absolute metallic contact throughout, in spite of great care in soldering. If those plates happened to be gripped in such a place that the two plates could be bent partly as two thin plates, that is to say, under conditions that would allow of even slight relative movement of the two plates, then the results from the soldered plates might partially approximate those that would be obtained from thinner plates, and the thinner the plate the higher the number of alternations it would endure, all other conditions being equal. Therefore, all that can safely be said about these results is that under this test the rolled plate and the soldered plate yield results very mnuch superior to those given by the cast plate. The appearances of the fractures of these plates were of much interest. The rolled plate had been heated up as a whole before being cut into test strips, but not to any determined temperature; the other plates had the heat treatment necessary for their manufacture. The plates all broke with a crystalline fracture-quite a common experience under the test, even with plates which would be bent double without a sign of a flaw and would show a fibrous fracture after breaking under a tensile test. The rolled plate showed the finest fracture and the cast plate the coarsest, but the soldered plate was very nearly as coarse in the fracture as the cast plate. As a general rule, if a plate of metal made fine in the structure by cold or hot work is heated to higher and higher temperatures, the tendency is to increase the size of the grain. This does not necessarily mean that when the grain of the rolled plate reaches the same size as that of the cast one it will have the same properties, as some of the beneficial effects of rolling may still remain, It would be wrong to attempt to make final or dogmatic statements from such a small number of experiments, but what has been done is in very general agreement with results obtained in connection with the ferrous metals, where steel castings, after being cast with the greatest care to insure practical freedom from flaws, are subjected to an elaborate heat treatment before being sent out for use. For microscopic examination of their structures a small piece was sawn out of each plate and each piece was polished on one face and on one edge. The polishing was done by rubbing the pieces on specially graded emery papers, first 0, then 000, and finally by holding them on a rapidly revolving block covered with Selvyt and dressed with water containing alumina (sold as diamantine) in suspension. The sections were then etched with aqua regia, washed with water, the silver chloride dissolved off with ammonia, washed again with distilled water, and dried either in the air or with alcohol, when they were ready for examination. Lantern slides have been prepared merely to illustrate the nature of the microstructures of the various plates, as the sections are available for examination under the microscope. It will be seen both from the transverse sections and from those taken parallel to the surface of the plates, that the rolled plate (figs. 4 and 5) is finely crystalline, the cast one (figs. 6 and 7) very coarsely crystalline, and the soldered plate (figs. 8 and -9) a little finer in the grain than the cast one.
Cast gold shows no exception to the general tendency of cast metals to be porous, and hence a cast plate would probably harbour more germs and rubbish than a swaged one. Whether this porosity can be avoided, and how, we are unable to say, but speaking generally it may be said that the thinner a casting is the greater will be the tendency for it to be porous.
If these experiments were checked and found to be, as we believe they are, in harmony with results obtained in other fields of metallurgical research, we would venture to hint at a lesson to be learned from them. It is this: When you cast a plate, cast it thick enough to be rigid, because if once the alternating stress begins to operate, the life of that plate will be brief and troublesome.
In conclusion, we wish to thank you for your encouragement in this research and your attention to our paper.
DISCUSSION.
Mr. F. J. BENNETT thought the authors were to be congr.atulated upon their valuable experiments. He was glad to see that the grants in aid of research which were instituted by the Royal Society of Medicine had been taken advantage of. The subject was a highly practical one to dentists. . It should not be forgotten that gold was an alloy to begin with, and it might have been interesting to hear what the behaviour of a pure metal was. In the soldered specimen one was practically dealing with a rolled example and a cast example, because when the solder had been melted and had cooled down it was in a crystalline form, somewhat like cast metal, and therefore would share in the evils of cast gold plate in the soldered region. He believed that cast metal was always of a crystalline structure, and when a strain was applied there was a movement of one crystal on the other, a sort of dislocation or fault as it would be termed in geology. He thought the figures and demonstrations the authors had given that evening were sufficiently convincing to show that a cast structure was always, from its very nature, weaker than that of rolled gold.
Mr. PEYTON BALY asked what steps were taken to ensure that the surfaces of the pieces of gold tested were absolutely parallel. In the Royal Mint the gold used for making coins was drawn between two parallel plates because it was said to be impossible to get two parallel surfaces if the gold was run through rollers.
Mr. C. N. PEACOCK had made a good many experiments with cast crown work, but had not had very much experience with plate work. From the paper it would seem that cast plate work was condemned, but he thought there were cases-for instance, a high palate with one or two incisors missing-where the casting device was of much use.
Mr. PERCIVAL CAMPKIN thought the results were what would naturally be expected. For the last eighteen months he had been using the vacuum casting process in a large number of cases, and he had not had a single fracture in the mouth. It was exceptionally useful in very deep plates where it was practically impossible to strike up a plate with any accuracy, or if struck up it had to be chased into very deep crevices and was naturally weakened. Naturally a cast plate must be weaker, but the question was whether it was not strong enough for the purpose, having regard to the greater accuracy of fit obtained-an accuracy which would compensate perhaps for some weakness. Testing sections cut from completed plates, the one made by swaging the other by casting, appeared to him a more reasonable method of arriving at relative strength.
Mr. BALDWIN agreed with Mr. Campkin there were many other considerations to be taken into account in estimating the value of the two methods of making gold plates. His colleagues and himself had been using the casting process a great deal for plates, and it had given great satisfaction on the whole, although he had known of one bar lower that came back broken, showing a coarse crystalline fracture. The great merit of the method seemed to be the accuracy of the fit which could be obtained, and the ease with which the plate could be strengthened along the lines of greatest stress, and when the casting was made directly to the porcelain of the teeth, the absolute cleanliness of the work ; the metal was a sound metal, and not a piece of metal which had been subjected to unequal strains, such as was a stuck-up plate in the process of striking. The bar lower which he had referred to was mended by soldering the two halves together, and gave no trouble afterwards.
Mr. GABELL thought the question of porosity was a very important one, not only in connexion with strength, but in connexion with cleanliness. The difference between A1 cast plate and a rolled plate was the finer surface. He did not agree with the necessity of a cast plate for a high palate, his experience being that if cases of high palate and an overlap of the alveolus were treated with a cast plate there was a very bad fit. The shrinkage of the gold was quite appreciable, and if there were places where it could bind over the alveolus it would shrink away from the palate. Such cases were only satisfactory if the plate was not carried over the alveolus. The question of strength was of importance, because if very thin plates of gold could be made he thought it would be of advantage. Of late he had been making plates of very much thinner gold than the average, and for a palate where there was practically no strain at all the plate could be made exceedingly thin and held up by suction.
He had been using No. 1 plate in making full dentures for the whole of the palate part and a rim to give the requisite amount of strength. He did not make springy plates, believing a rigid plate absolutely necessary. Cast plates were often found very successful, and a comparison of the cost of a cast plate with a rolled plate would show that the cast plate had been made considerably thicker and heavier than the rolled; therefore, if thicker, it was stronger and stood the strains of practice. The second test with regard to the alternating strains was rather disquieting, because in making plates they were exposed to heat, and if heat lowered the strength it would be necessary to discover some means of doing the work without subjecting the plates to heat afterwards. He would like to know whether soldering bands to a plate appreciably affected their strength.
Professor MCWILLIAM said it was quite true that the gold was an alloy, though 18-ct. gold was not such a complicated alloy as 9-ct. gold, and behaved somewhat after the fashion of pure gold, although not quite so. It was a very important point to remember in connexion with the experiments. It had also to be remembered that although such materials might not break with a crystalline fracture, practically all metals, unless cold-worked, were crystalline. Really the perfection of the intercrystalline cohesion rather than the fact that the metal was made up of crystals, small or large, seemed the important factor in determining the properties of the gold. If the crystals, as in the case of pure gold, held together thoroughly and were also individually ductile, they would pull out and give fibrous fractures in the breaking. With regard to the steps that had been taken to get parallel surfaces, the plates were made as nearly parallel as possible by mechanical means-polishing, anq so on; they were not assumed to be parallel. Judging from experience, with steel more particularly, he thought crown work would be a very suitable thing for castings. In many targe industries in connexion with iron and steel it was necessary to find out those things for which castings had to be avoided, because of possible breakdowns after many years' service. In other cases castings were eminently suitable. Crown work seemed to him to be something that would be suitable for the use of castings, but he could not speak from the dental point of view. He agreed with the remark as to strain, for he supposed that dentists would not be satisfied if the gold plate lasted only eighteen months or two years. The movements, owing to changes in the mouth, were, he understood, only small, and their effect upon the plate would be such that it would probably take a very considerable time to produce fracture, even if the plate were destined ultimately to break in use. With regard to the lowering of the strength by heating in connexion with soldering, the soldered plate had only a slightly lower elastic limit than the rolled one, and retained all its other good properties. There was a slight deterioration, as everybody expected, in a plate subjected to soldering, but the difference was only small. It was the cast plate that showed the very low limit of elasticity. As to porosity, he was sorry that the specimens did not show under these microscopes as well as A-19a under their own, that were specially fitted for examining metals, but this cast plate did show a kind of porosity-i.e., a very distinct and decided imperfection of surface, although the main body of the plate was fairly solid. It did not show, however, what were known as blow-holes.
Mr. H. J. MORRIS said personally he had not very much information as to the durability of the plates, but yesterday a friend of his had told him of his first casualty, and that was the first of which he had heard. No doubt failures would not be heard of for some years, until through absorption the alternating shock test which he had endeavoured to illustrate irn the paper came into operation. With regard to the parallelism of the plates, and how pure gold would compete with other alloys, it had not been possible to go into such matters from an ideal point of view. What they had endeavoured to do was just to take specimens representing what was actually used by a dentist in his daily work, and see how they stood the tests, without endeavouring to experiment from the point of view of pure science. Perhaps after the researches had been continued there might be something more to tell the Section.
